ZnO thin films with Cd/Zn nominal ratios of 0 %, 1 %, 3 %, 5 %, and 7 % and thickness of 0.7 µm were prepared by chemical spray pyrolysis. X-ray diffraction patterns showed that the films have polycrystalline structures and peaks matching the hexagonal ZnO structure. Crystallite sizes ranged from about 35 nm to 87 nm. As the doping concentration increased, full width at half maximum values decreased and crystallite sizes increased. The UV-Vis spectra of the ZnO:Cd films showed high transparency in the visible region. The optical band gap of the ZnO:Cd films decreased from 3.255 eV to 3.17 eV with increasing Cd doping concentration. The transition type was direct, thereby allowing transition. The ZnO:Cd thin films were annealed at 400 °C, and annealing treatment showed improvements in the properties of the derived films.
INTRODUCTION
Transparent conducting oxide (TCO) thin films have received a great deal of attention because of their wide applications in optoelectronic devices [1] . TCOs have high thermal stability and low cost [2] [3] [4] [5] . ZnO, one of the most promising TCOs currently available, has high transparency in the visible region of the electromagnetic spectrum to oxygen vacancies. It has band gap of approximately 3.2-3.3 eV and does not contain any element that is hazardous to the environment [5, 6] .
ZnO, a member of the II-VI group of semiconductors, has been applied in lightemitting diodes, laser emission, window materials, solar cells, gas sensors [7] [8] [9] [10] [11] [12] 35] , and surface acoustic wave devices. Impurity doping is necessary for the successful manipulation of the physical properties of ZnO doped with Cd [13, 14] . The structural properties of the compound are affected by changes in composition because ZnO has hexagonal structure and CdO has a cubic structure.
The band gap varies with the doping concentration of the films from about 3.3 eV of ZnO [25] [26] [27] to about 2.2 eV of CdO [25] [26] [27] . Incorporation of Cd into ZnO is very useful for the fabrication of ZnO/ZnCdO heterojunction and super lattice structures [1] .
ZnO:Cd thin films can be prepared using different methods, such as electrodeposition, pulsed laser deposition, molecular beam epitaxy, sol-gel process, and spray pyrolysis [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The spray pyrolysis method is used for preparing large numbers of pure and doped thin films because the method is simple, inexpensive, and easy to apply for growing uniform films and allows the coating of large areas [1, 24] . This work aims to study the effects of doping concentration and annealing on the structural, morphological, and optical properties of Cd-doped ZnO thin films.
EXPERIMENTAL
ZnO:Cd thin films were prepared in a spray pyrolysis system. The molar ratio was 0.2 M, the Cd/Zn nominal ratios were 0 %, 1 %, 3 %, 5 %, and 7 % and the film thickness on the glass substrates was 0.7 μm. The substrate temperature was fixed at 370 °C and controlled within +5 °C using a digital thermo coupler (chromel-alumel). The solution flow rate was 2 mL/min and the gas pressure was about 5 × 10 4 N / m 2 . Prior to deposition, glass substrates were cleaned with acetone, ethanol, and distilled water. The X-ray diffraction (XRD) spectra of the films were obtained to verify their crystal structure using a (Cu-K α ) radiation with λ = 0.154 nm. Optical transmission data were obtained using an UV-Vis double beam spectrometer at wavelengths ranging from 200 nm to 900 nm. Optical microscopy, atomic force microscopy (AFM) and scanning electron microscopy (SEM) were employed to observe the surface morphology of the films. The prepared films were annealed at 400 °C for 1 h in air. Fig. 1 (a) shows the XRD patterns of ZnO:Cd films with different doping concentrations. The films are polycrystalline, with a hexagonal wurtzite type crystal structure and preferred orientation in the (100) direction. The (100) peak appeared with maximum intensity, and other peaks at (002), (101) and (110) were observed as is expected of the hexagonal ZnO structure [28] .
REASULTS AND DISCUSSION
This finding indicates that the films have strongly preferred a-axis orientation, which may be attributed to minimization of the crystal surface free energy [1] . Doping with Cd led to changes in the XRD peak intensities. At low doping concentrations, the increase in peak intensity is attributed to the formation of new nucleating centers caused by a decrease in the nucleation energy barrier. However, at higher doping concentrations, the decrease in peak intensity is attributed to the increased saturation of new nucleating centers [1, 22] .
The lattice constants (unit cell parameters of ZnO thin films) a and c were calculated from the XRD patterns as 3.27 and 5.242 Å, respectively, both of which are in good agreement with the bulk values [3, 4, 12, 15, [28] [29] [30] . The XRD patterns of the ZnO:Cd thin films annealed at 400 °C are shown in Fig. 1(b) .
The intensity of the peaks increased with annealing treatment, leading to improvements in the crystallinity of the derived films. This result may be due to the energy provided by the annealing temperature to the film atoms.
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ILCPA Volume 15 (a) Fig. 1 (a) . XRD patterns for the annealed ZnO deposited thin films with different content of Cd.
Such energy enhances the mobility of atoms to decrease the number of defects in the films. Improvements in crystallinity may also be due to relaxation of the existing residual compressive stresses between ZnO and the glass substrate [31, 32] .
The crystallite size was estimated using Scherrer's formula [33] : D = kλ / β cos β … (1) where D represents the diameter of the crystallites, λ is the X-ray wavelength, β is the full width at half maximum and K is a constant nearly equal to one. The values of D are shown in Table 1 .
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(b) Fig. 1 (b) . XRD patterns for the annealed ZnO deposited thin films with different content of Cd. Variations in crystallite size with doping concentration may be explained in a number of ways: First, the decrease in crystallite size could be due to an increase in number of Cd atoms, which would exert drag forces on boundary motion and grain growth. Second, the increase in the number of dopant atoms may lead to increased numbers of point defects, which would give rise to higher grain boundary mobility and grain growth rates [1, 34] .
Figs. 2 and 3 show microscope images of the as-grown ZnO: Cd thin films. Grain growth was clearly detected, and surfaces of the films were smooth and homogeneous. The grains grew to large sizes when the films were annealed at 400 °C, and each grain was composed of several crystallites [1, 28] . Inter-grain connections also increased with annealing temperature. Fig. 4 shows SEM images of ZnO films with various particle sizes. The surface morphology of the films varies with the oxidation temperature. The sample oxidized at a temperature of 400 °C shows a smooth surface with uniform particles compared with the asgrown sample. The grain size increased as a function of annealing temperature, as confirmed by the XRD spectra. We believe that due to the strain of the surface as function of annealing temperatures. As-grown film particles are under compressive strain, and strain relaxation increases with temperature [1, 31] . No impurities or structural defects, such as vacancies and zinc interstitials, were observed. Fig. 5 shows AFM images of the ZnO:Cd films before and after annealing. Fig. 5a shows an image of the as-grown sample with a smooth surface topography and root-meansquare (RMS) of 6.35 nm (10 μm × 10 μm scan area) and average roughness of 4.82 nm. This observation indicates better film quality and a surface with pyramidal shape were distributed over the entire surface. Fig. 5b shows the same thin film after annealing at 400 °C; here, the RMS was 17.4 nm and the roughness was 12.3 nm. This result also agrees with XRD findings [32] .
The increase in pyramidal shape indicates that the increase in the surface roughness affects the surface characterization of the films and leads to changes in the optical, electronic, and vibrational transitions of the material. The increase in roughness of the film surface indicates the possibility of using the synthesized films as anti-reflection-coatings, which reduce light reflection. Surface roughness is an important parameter for enhancing the photo conversion process of some devices, such as solar cells and photo detectors [32] . Fig. 6 (a) shows the optical transmission of the ZnO:Cd films. The optical transmission of the films decreased with doping concentration, which gives a satisfactory optical window for optoelectronic applications [3] . The decrease in transmittance at higher doping concentrations may be attributed to the increased scattering of photons by crystal defects created by doping.
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The free carrier absorption of photons may also contribute to the observed reduction in the optical transmission of heavily doped films and thin film interference effects [3, 29] . The optical transmission spectra of the ZnO:Cd films annealed at 400 °C are shown in Fig. 6  (b) , where a red shift in the transmission threshold and a reduction of the average transmission may be observed [5] .
The decrease in transmittance is due to the increase in scattering centers or defects formed after annealing [31] .
The absorption coefficient (α) was calculated by: α = 2.303 A / t ……….. (2) International Letters of Chemistry, Physics and Astronomy Vol. 15 The type of transition was directly allowed transition because the dependence of α on the photon energy (hν) was found to obey the following relationship:
where A ' is a constant and Eg is the band gap. A plot of (αhν) 2 versus hν shows the optical band gap of films with direct transition, as shown in Fig. 7 . Fig. 6 (a) . Optical transmission of ZnO:Cd. Fig. 6 (b) . optical transmission of the annealed ZnO:Cd thin films.
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The values of the band-gap energy of the ZnO films with different doping concentrations are shown Fig. 7 (a) . The Cd content increased as the optical band gap decreased from 3.255 eV to 3.17 eV. This result agrees with other works [8, 29] . The absorption edge exhibited a red shift as the Cd doping concentration increased [1, 14, 34] . The presence of Cd impurities in the ZnO structure induced the formation of new recombination centers with lower emission energies [1, 8] . The reduction in band gap with increasing Cd content is attributed to hybridization of the electronic states of Zn-4s and Cd-5s. International Letters of Chemistry, Physics and Astronomy Vol. 15 147 Fig. 8 . The value of the optical energy gap before and after annealing for all the samples. Fig. 7b shows that the optical absorption edge shifted to short wavelengths when the ZnO:Cd thin films were annealed at 400 °C. This blue shift could be attributed due to the motion of Fermi level owing to increase in the charge carrier concentration as annealing temperature or attributed to the decrease in shallow-level trap concentration near the conduction band [1, 5, 32] . The increase in band gap with thermal annealing of the as-grown and annealed ZnO:Cd thin films as a function of concentration is shown in Fig. 8 . The trend observed may be attributed to the fact that the grains grow larger as the annealing temperature increases, which leads to increased point defect concentrations that may also give rise to higher grain boundary mobility and grain growth rate.
CONCLUSION
XRD analysis showed that polycrystalline film grain sizes first increased and then decreased as the number of dopant atoms increased. Grains grew to larger sizes when annealed at 400 °C due to enhancements in atomic diffusion. The films showed preferential orientation in the direction of the a-axis. The absorption edge showed a red shift, and the optical band gap of the thin films decreased as the Cd doping increased but increased with annealing at 400 °C. The optical transmission of the films decreased with increasing doping concentration, which provides a satisfactory optical window for optoelectronic applications.
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